
MADISON CAVE ISOPOD
(Antrolana lira)

RECOVERY PLAN

U.S. FishandWildlife Service
Hadley,Massachusetts



MADISON CAVE ISOPOD (Antrolanalira)

RECOVERY PLAN

Preparedby:

DanielW. Fong
DepartmentofBiology

TheAmericanUniversity
Washington,D.C.

for:

U.S.FishandWildlife Sen’ice
NortheastRegion

Hadley,Massachusetts

Approved:
RegionalDirect , NortheastRegion
U.S. FishandWildlife Service

Date:



EXECUTIVE SUMMARY
MadisonCaveIsopod~t RecoveryPlan

CuRRENT STATUS: TheMadisonCaveisopod,Antrolanalira, is a subterraneanfreshwatercrustaceanendemic
tothe ShenandoahValleyin Virginia. Thismonotypicgenusis theonly memberofthe family Cirolanidaefound
north of Texas. Until 1990,A. lira wasknownonlyfrom two sites,MadisonSaltpetreCaveandafissurenear
thecave;sinceJune1990,theisopodhasbeencollectedfromfive additionalsites. Althoughspecimensfrom all
sevensitesaremorphologicallyidentical,theyprobablyrepresentmorethanonebut lessthansevengenetic
populations.Populationsizeappearstobeextremelysmallatfive ofthe species’sevenoccurrencesites. The
MadisonCaveisopodwaslistedasathreatenedspeciesinNovember1982. Urbanandagricultural
developmentthreatensthequalityof its groundwaterhabitatandthusitssurvival; inaddition, lackofknowledge
ofthebasicecologyofthisisopodhindersthedevelopmentofplansfor its managementandprotection.

LIMrrING FACTORS AND HABrrAT REQumxMErrrs: TheMadisonCaveisopodappearsto havelow
reproductivepotential,andthesmallpopulationsizeatmostofits sitesindicatesthat it ishighly sensitiveto
disturbance.Thespecies,whichis difficult to studyandcollect, isknownonly from areaswherefissuresdescend
to thegroundwatertable,thusallowing accessto thesurfaceofundergroundlakes,or deepkarstaquifers. Little
is knownaboutthephysicalandchemicalconditionsofA. lira habitat. Thetemperatureof thewaterrangesfrom
11 -140C,asis typical of groundwaterfor the latitude,andthewateris saturatedwithcalciumcarbonates,a
conditionalsotypical ofgroundwaterin areasof limestone.Thelevel ofthekarstaquiferscanfluctuatefor tens
ofmetersat somesites. Theextentoftherechargezoneof the aquiferat anysiteis unknown.

RECOVERY OBJECTIVE: Theobjectiveofthis recoveryplanis to protectpopulationsofAntrolanalira from
potentialthreatsto thequalityof theirdeepkarstaquiferhabitat,therebyenablingtheremovalof this threatened
speciesfrom theFederallist of endangeredandthreatenedwildlife andplants.

RECOVERY CRrrERL&: Delistingmaybeconsideredwhen: (1) populationsofAntrolanalira andgroundwater
qualityatFrontRoyalCaverns,Linville QuarryCaveNo. 3, andMadisonSaltpetreCave/Steger’sFissureare
shownto bestableoveraten-yearmonitoringperiod; (2) therechargezoneof thedeepkarstaquiferateachof
thepopulationsitesidentifiedin criterionI isprotectedfrom all significantcontaminationsources;and(3)
sufficientpopulationsitesareprotectedto maintainthegeneticdiversity of thespecies.

AcrIoNsNEEDED:

1. Determinethenumberof geneticpopulationsofA. lira.
2. Searchforadditionalpopulations.
3. IdentiI~epotentialsourcesandentrypointsof contaminationoftheirdeepkarstaquiferhabitat.
4. Protectknownpopulationsandhabitats,taking awatershedperspective.
5. Collectbaselineecologicaldatarelevantto managementandrecovery.
6. Implementaprogramto monitorprogressof therecoveryplan.

PROJECTED Cosrs ($000):

Need1 Need2 Need3 Need4 Need5 Need6 Total

FYI 15 5 40 11 10.5 1.5 83
FY2 20 5 35 16 8.5 1.5 86
FY3 -- 5 35 16 6.5 1.5 64
FY7-l0 -- 10 120 7 38.5 10.5 196

TOTAL 35 25 230 50* 64 15 419

* Additional funds may be required.

TIME FRAME: If recovery tasks are implemented on schedule,theprojecteddatefor delistingtheMadisonCave
isopod is the year 2007.



* * *

The following recoveyplandelineatesreasonableactionsto recoverand/orprotectthe

threatenedMadisonCaveisopod (Antrolanalira). Commentsreceivedon thetechnical/agency

draftplan,whichwaspreparedthroughthecontractservicesof DanielW. Fong,havebeen

incorporatedby theU.S. FishandWildlife Serviceinto this final plan. Attainmentof recovery

objectivesandavailability of fundsfor implementingrecoveryactionswill besubjectto

budgetaryandotherconstraintsaffectingthepartiesinvolved,as well as theneedto address

otherpriorities.

This recoveryplandoesnot necessarilyrepresenttheviewsor official positionofany

individualor agencyinvolvedin its formulation,otherthantheU.S. Fish andWildlife Service.

Approvedrecoveryplansaresubjectto modificationas dictatedby newfindings,changesin

species status, and implementation of recovery tasks.

Literaturecitationsshouldreadasfollows:

U.S. FishandWildlife Service. 1996. MadisonCaveIsopod(Antrolanalira) RecoveryPlan.
Hadicy,Massachusetts. 36 pp.

Additional copiesofthis plancanbeobtainedfrom:

U.S. Fish and Wildlife Service
ChesapeakeBay FieldOffice
177Admiral CochraneDrive
Annapolis,Maryland21401
telephone (410) 573-4537
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PART I: INTRODUCTION

TheMadisonCaveisopod,Antrolanalira, is a subterraneanfreshwatercrustacean.It

belongsto thefamily Cirolanidae,which consistsofmostlymarineanda small numberof

freshwaterspecies. In commonwith other freshwater cirolanids, A. lira is restrictedto

groundwaterhabitats(Botosaneanueta!. 1986). It is the only freshwatercirolanidfoundin

NorthAmericanorthof Texas. This isopodis endemicto Virginia andhasbeencollectedfrom

seven sites wherethegroundwatertableis accessibleoccasionallyduring theyearthrough

verticalfissuresin caves.

Antrolanalira was listed as a threatened species in November of 1982 (47 FR43701:

October4, 1982). Thespeciesappearstohavelow reproductivepotential,andits population

sizeseemsextremelysmallatfive of its sevenoccurrencesites,indicatingthatit is highly

sensitiveto disturbance.Rapidexpansionofurbanandagriculturaldevelopmentthreatensthe

quality of its groundwater habitat and thus the survival of A. lira. Lack of data about the basic

ecology of A. lira impedes the development of plans for its management and protection.

Following its listing, the Madison Cave isopod was assigned a recovery priority number1 of

7, based on (1) a moderate degree of threat to thespecies’survival, (2) a high potential for

recovery, and (3) its taxonomic standing as a monotypic genus. For several years, the species’

highly limited distribution and lack of data proscribed development of a recovery plan; however,

the recent discovery of additional A. lira occurrences coupled with heightened concerns about

effects of groundwater disturbances have led to considerationof arecoveryprogramfor this

isopod.

Recoverypriority numbersrangingfromahigh of iC to a low of 18 are determinedfor all specieslisted
pursuantto the EndangeredSpeciesAct of 1973,asamended. Thesenumbers are basedon criteria
defined in the Federal Register(Vol. 48, No. 184). A listed talon with a ranking of lC receivesthe
highestpriority for the developmentand implementationof recovery plans.
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DESCRIPTION AND DISTRIBUTION

Thomas C. Barr, Jr. discovered the Madison Cave isopod in 1958 in a deep lake at the

bottom of a fissure in MadisonSaltpetreCavein Augusta County, Virginia. It wasdescribedby

Bowman(1964) as Antrolanalira, a newgenus as well as a new species. Antrolanaremains a

monotypic genus to date, and is closely related to the genera Cirolanides,found in Texas, and

MexilanaandSpeocirolana,both found in Mexico(Holsingereta!. 1994).

As is typicalofisopods,A. lira hasa dorso-ventrallyflattened,compactbodyplan,a pair

of short first antennae and a pair of long second antennae. It has seven pairs of pereopods. The

first, anterior-most pair is modified as prehensile graspingstructures.Thesecondthrough

seventh pairs, which get progressively longer toward the posterior,are ambulatory. Unlike most

freshwater isopods, which can only walk along the substrate, A. lira is also an excellent

swimmer in the water column. Like most subterranean organisms, A. lira is eyeless and

depigmented. It has a translucent cuticle through which someof its internal organs, such as the

hepatopancreas, are visible. Males reach about 15 mmin length and 5 mmin width, females

about 18 mmin length and 6 mmin width, making this species among the longer, and the most

massive, of subterranean isopods in the eastern United States.

Before 1990, A. lira was thought to exist only in Madison Saltpetre Cave and in Steger’s

Fissure about 100 meters north-northeastrelativeto thecave. Both sitesarelocatedon the

northeastern end of Cave Hill in Augusta County. The isopod has been collected from five

additional sites since June 1990 (Figure 1; Holsinger eta!. 1994). The northernmost of the

seven sites where A. lira occurs is Front Royal Caverns in Warren County, Virginia. It is also

the most isolatedsite,beingmorethan70 kmnorth-northeast from the nearest of the other six

sites. The other sites are clustered within an area defined by a radius of 20 km. Ranging from

north to south, these are 3-D MazeCave, Devils Hole Cave, Linville Quarry Cave No. 3 and

MassanuttenCavernsin Rockingham County, and the Cave Hill sites, Steger’s Fissure and

Madison Saltpetre Cave, in Augusta County. All seven sites are located within the Shenandoah

2 MadisonCaveIsopodRecoveiyPlan, September1996



Figure1. DistributionofAntrolanalira in thePotomacRiverdrainagebasin.
Occurrencesitesare: (1) MadisonSaltpetreCaveandSteger’sFissure;
(2) MassanuttenCaverns;(3) DevilsHole and3-D MazeCave;
(4) Linville QuarryCaveNo. 3; and(5) FrontRoyal Caverns.
FromHolsingereta!. (1994)
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Valley, a part of which in the vicinity of Harpers Ferry is hypothesized to have been in contact

with shallow sea water during Cretaceous or Tertiary marine embayment (Holsinger eta!. 1994;

J.R Holsinger, Old Dominion University,in litt. 1996). Populations ofA. lira at these sites are

thoughtto havederivedfrom marineancestorsthatwereleft strandedfrom regressionsof the

marine embayments and became adapted to the subterranean groundwater ecosystem (Holsinger

etaL 1994).

HABITAT

All sevensiteswhereAntrolanalira occurs contain vertical fissures that descend to the

groundwater table, thus allowing access to the surface of underground lakes, or deep karst

aquifers&hreaticwaters). Figure2 showstheconjecturedcoi~figurationofdeepkarstaquifer

habitat near Madison Saltpetre Cave. Although someof these aquifers extend to great depths,

sampling of A. lira has been restricted to their surface, which is relativelyshallowin many

places (D.A. Hubbard, Virginia Department of Mines, Minerals and Energy, in litt. 1996). The

surface of these deep karst aquifers fluctuates with the local groundwater table and may

disappear entirely from accessible cave passagesin most sites during dry periods. All

specimens of A. lira were collected eitherby shrimp-baitedtrapsplacedin these underground

lakes or directly from temporary pools in shallow depressions on the floor of low-level cave

passages or low-gradient streams previously flooded by rising groundwater,indicatingthatdeep

karst aquifers, i.e., phreatic waters, are the species’ primary habitat.

Only two other macroinvertebrates occupy this deep karst aquifer habitatwith A. lira.

In the two Cave Hill sites, A. lira is found along with the Madison Cave amphipod,

Stygobromusstegerorum,a rare crustacean endemic to the Cave Hill aquifer. Arelatively more

commonandwidespreadsubterraneanamphipod,S. gracilipes,was collected with A. lira in

Front Royal Caverns, 3-D Maze Cave and Devils Hole; however, this amphipod is not restricted

to the deep aquifer habitat and has been collected from streams and drip pools in manycaves in

theupperShenandoahValley(Holsinger 1978). How andwhether A. lira interactswith these
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Figure 2. Profile of section through the Cave Hill sites showing conjectured configuration of
thedeepkarstaquiferhabitat. From Collinsand Holsinger(1981)
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otherspeciesis unknown. Otherthanthe factthatA. lira is attractedto andwill readily

consumethe shrimp used as bait, and that insect parts were detected in thegutcontent of some

individualsfrom Steger’sFissure(J.RHolsingerpers.comm. 1995),its feedinghabit is also

unknown.

Little is knownaboutthephysicalandchemicalconditionsofthehabitatofA. lira.

Thetemperatureofthewaterrangesfrom 1 1-140C,asis typicalofgroundwaterfor thelatitude.

Rafts of calcite plates are usually present on the surface of the aquifers, indicating that the water

is supersaturated with calcium carbonates,aconditionalsotypical ofgroundwaterin areas of

limestone. The level of the karst aquifers can fluctuate for tens of meters atsomesites. The

extent of the recharge zone of the aquiferatanysite isunknown.

NUMBER OF POPULATIONS

The number ofgeneticpopulationsofA. lira sampledfrom thesevensitesisunclear.

The number of populations is determined by the extent of physical connection among deep karst

aquifersthroughwhich theisopodcanmigrate. Thestronglyfoldedandfaultednatureofthe

sedimentaryrocksin theShenandoahValley (Hubbard1983)indicateslimited connectivity

among aquifers. Thus, although specimens from all sevensitesaremorphologicallyidentical,

they probably representmorethanone,but lessthanseven,geneticpopulations. Forexample,it

is probable that isopods from FrontRoyal Cavernsin WarrenCounty represent a distinct

population completely isolated from the rest of the species’ range, and thus is represented by

unique genotypes. It is also probable that isopods from Madison Saltpetre Cave and Steger’s

Fissure are a singlegeneticpopulation,becausethesetwo sitesessentiallyallow accessto the

same aquifer.

6 MadisonCaveIsopodRecovetyPlan, September1996



ABUNDANCE AND LIFE HISTORY

The population size of A. lira is unknownatmostsites;roughestimatesofpopulation

size are, however, available for Madison Cave and Steger’s Fissure. To date, a documented

total of 33 specimens has been collected from the five sites discoveredsince1990(28 listed in

Holsinger etaL 1994, plus five collected by the author at Linville Quarry Cave No. 3). A. lira

appears to be extremely rare at some sites; for example, only one and two specimens have ever

been documented from Massanutten Caverns and Devils Hole Cave,respectively.Althoughthe

population size at these five sites maytruly be small, it may also be that the smallnumberof

specimens is a result of inadequate sampling, because the surface of the deep aquifers at these

sites is not accessible most of the year for sampling isopods.

Mark-recapture estimates of population sizes at Madison Saltpetre Cave and Steger’s

Fissure were, respectively, 1972 (±851) and 6678 (±3782) isopods per two-hour baiting effort,

with a 24-hour dispersal interval betweenmarkingandrecapturing,in June1995 (Fongin

prep.). Thelargestandarderrorsoftheseestimatesresultfrom low recapturerates.

Nonetheless, these estimates indicate that the Cave Hill sites potentially harbor large

populations of A. lira, especiallycomparedwith estimatedpopulationsizesofother

subterraneanorganisms(seeCulver 1982andCulvereta!. 1995). A totalof 190 and303

differentindividualswereactuallyobservedat MadisonSaltpetreCaveandSteger’sFissure,

respectively,during themark-recapturestudy. It is interestingto speculatethat thelargesizeof

thepopulationat Steger’sFissuremaybetheresultoforganicmatterenteringdirectlyon the

surface,makingit ahot spotfor this species(D.C. Culver,TheAmericanUniversity,in litt.

1996).

These numbers are similar to the numbers reported from a year-long study of the life-

history ofA. lira conducted by Collins and Holsinger (1981) at Madison Saltpetre Cave and

Steger’s Fissure from September 1979 to September 1980. Their numbers, per 30-minute

baiting effort, varied among monthly samples, ranging from 3 to 285 in Madison Saltpetre Cave

andfrom zeroto 593in Steger’sFissure. Theirdatashowedan apparentdifferencein temporal
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trendsin abundancebetweenthetwo sites. Of thecumulative13-monthtotalof656isopods

trappedin MadisonSaltpetreCave,285(43.4%)wereobtainedin thefirst Septembersample,

whilethenumbersfor therestofthestudyperiodshowedno obviouspatternofvariation. In

contrast,ofthetotalof1309 isopodstrappedin Steger’sFissure,1001 (76.5%)wereobtained

in thethree-monthinterval from Decemberto February.Theseresultssuggestaseasonalpeak

ofisopodabundancein Steger’sFissurethatwasnot evidentin MadisonSaltpetreCave,

althoughamuchlongerstudyperiodis requiredto checkthevalidity ofthis pattern. Themean

bodysizeofisopodsshowednosignificantvariationamongmonthlysamplesin bothsites,but

specimensfrom Steger’sFissureweregenerallyslightly largerthanonesfrom Madison

SaltpetreCave.

SamplesofA. lira typically consistedofnoneorvery fewjuvenilesanda female-biased

sexratio(seeCollinsandHolsinger1981,Holsingeretal. 1994). Juvenilesaccountedfor 13%

ofindividualssampledfrom MadisonSaltpetreCave,4% from Steger’sFissure,andhavenot

beenfoundatothersites. Thefemale-biasedsexratioswere2.2 femalesto maleatMadison

SaltpetreCave,3.5 atSteger’sFissure,and3.7 atall othersitescombined.Differential

intensityofresponseto theshrimpbait maypartiallyaccountfor thefemale-biasedsexratioin

thesamples:femalesmaybemoreresponsivethanaremalesto theprotein-richbait becauseof

thehigh energeticcostofegg-production.Theapparentlyadult-dominatedpopulationstructure

ofA. lira suggeststhat it hasa lengthy life spanwith a low rateofreproduction.

HowA. !ira reproducesisunknown. Amongfreshwaterisopodsin generalaswell as

mostmarinecirolanids,femalesincubatefertilizedeggsin a ventralmarsupiumaftermating

(Pennak1989, Schultz1969). SuchovigerousfemalesofA. lira haveneverbeenobserved.

Dissectionoflargefemalesby Collins andHolsinger(1981)revealedno internalbroodingof

fertilized eggs,butdid showsphericalstructuresthatappearto beoocytes. AssumingthatA.

!ira femalesdo carryfertilized eggsin a marsupium,thelackofovigerousfemalesin the

samplesalsopointsto a low rateofreproduction.Alternatively,ovigerousfemalesmayoccupy

a different,inaccessiblemicrohabitatdeepin theaquifer,oraresimplynotresponsiveto the

bait, orboth.
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THREATS

General

ThepotentiallylargepopulationsofA. lira at theCaveHill sitesshowedno decline

since1979,whenCollins andHolsinger(1981)first collectedquantifiablepopulationdata.

Thereis no baselineinformation,however,on populationsatothersites. Evidenceindicates

thatpopulationsizesatthesesitesaresmall,andthatA. lira individualsarelong-livedwith low

reproductivepotential,suggestingthatall populationsarehighly sensitiveto disturbance.That

thespeciesis foundat only sevensitesandlikely consistsoffewergeneticpopulations

underscoresits vulnerabilityto perturbation.Plansfor themanagementandprotectionofA.

lira will requiredataon suchbasicecologicalparametersasthe numberandthesizesofits

populations.

Becausetherechargezoneofthe aquiferatany oftheA. lira sitesis unknown,thezone

ofpotentialsourcesofcontaminationis alsounknown. Expandingurbandevelopment,

especiallyin thenorthernpartofthe rangeofA. lira, hasincreasedtheprobabilityofpollutants

enteringthegroundwater.Pollution from agriculturalrunoffis a realthreatbecauseof

extensiveagriculturein theShenandoahValIcy. Ofspecialconcernis the rapidexpansionof

intensivepoultry farmingpracticesin karstregions(Berryhill 1994). Work on determiningthe

zonesofrechargeandtheboundariesofthe aquifers,in concertwith monitoringland-use

practiceswithin thepotentialzonesofrecharge,needsto beinitiatedsoon.

Humandisturbanceat thesesites,with theexceptionof MadisonSaltpetreCave,is

likely to beminorbecauseofthe low intensityofvisits. All sevensitesarelocatedon privately

ownedproperty,andtheownersdiscouragecasualvisits to thecaves.Thetechnicallydifficult

natureofthe entrancesandpassagesin thesecavesalsofilters out manypotentialcavevisitors,

andthedeepaquiferhabitatofA. lira is inaccessibleto mostcavevisitors. MadisonSaltpetre

Cave,however,presentsno technicalchallengeand, indeed,wasopenin thepastfor commercial

tours andexperiencedextensivedamagefrom vandalism. Whetherthepastcommercial

MadisonCaveIsopodRecoveryPlan, September1996 9



operationandintensiveuseaffectedtheisopodpopulationin this caveis unknown. Thecaveis

now protected by a gate and is being managed by its owner along with the Cave Conservancy of

theVirginias for conservationpurposes(seeConservationMeasures).

Site-SpecificThreats

In addition to the general issues discussed above, unique site-specific threats to

Antrolana lira populations exist at Front Royal Caverns and at Linville Quarry Cave No. 3.

Front Royal Caverns: Recenttracer testing in theFront Royal Cavernsstudy area

confinned hydrologic connections between runoff and recharge from the Shenandoah National

Park, the band of intensely karsted private land between the Park and the south fork of the

Shenandoah River, the deep aquifer providing the Madison Cave isopod’s habitat, and steady

baseflow/freshgroundwaterrechargeto theriver andpublic watersupply (T. Brown,Virginia

DepartmentofConservationandRecreation,Division ofNaturalHeritage,in litt. 1996).

Several very vulnerable recharge areas in need of active protection have been identified.

Despitethekarst topography,this landis locatedin a developingareaandis beingmarketedfor

residentialandcommercialtracts.

In fact, this site is the most vulnerable of all the sites to potential impacts from urban

development.Oneentranceto FrontRoyalCavernswasdestroyedby thewideningofU.S.

Highway 340; a second entrance is in a sinkhole less than 10 mwest of Highway 340 just south

of the city of Front Royal. Onthe east side of the highway opposite the cave entrance is a busy

street that leads into a large housing development. Within the last decade, approximately 14

homes, the new entrance to Shenandoah National Park, and a large church have been

constructed in the immediate recharge area of the Front Royal Caverns aquifer. One home was

completed on top of a very deep sinkhole-fill last summer, and another key sinkhole was filled

with construction debris from the demolition of an old service station — potentially introducing

petroleum hydrocarbons, asbestos, metals, and other contaminants into the groundwater system

(T. Brown in litt. 1996). The effects of expanding development on the recharge zone of this

10 MadisonCaveIsopodRecoveryPlan,September1996



aquifer and the proximity of one entrance to a major highway generally increase the probability

of contamination of this aquifer.

The Front Royal Caverns area is naturally prone to subsidence, which in some cases has

been induced or magnified by construction activities. Further development in the vicinity could

exceed the carrying capacity of the system by adversely affecting surface inputs to the Front

Royal Caverns aquifer (T. Brown in litt. 1996). The impact of potential threats to this

population of A. lira is compounded by the possibility of existence of unique genotypes and of

small population size.

Linville Quarry Cave No.3: The entrance to this cave is one of several openings in

the northwest wall of a limestone quarry. Possible resumption of quarry operationsin thefuture

may adversely affect the A. lira population at this site. The extent of the potential impact is

unknownbecauseofthelack of baselinedata,andit is not knownwhetherpastquarry

operationshadalreadyaffectedthe isopodpopulation.Theresultof futurequarryoperations

mayalso leadto thedestructionofopeningsallowing accessto this A. lira population,thus

eliminatingany possibilityof monitoringthissite.

CONSERVATION MEASURES

MadisonSaltpetreCave,thetypelocality ofAntrolanalira, isprotectedthrough

cooperation between the property owner and cave conservation organizations. Protection is

gearednot only towardA. lira, but also towardotherrarespeciesfoundin thecave,suchasa

rareamphipod,Stygobromusstegerorum,andseveralrare terrestrialspeciessuchas the

harvestman,Erebomasteracanthina(HolsingerandCulver 1988). In addition,this caveis also

of significant geological, historical, and esthetic value.

Thecaveentranceis protectedby aheavysteelgate,installedin 1981 by membersof

the CaveConservancyoftheVirginias, CaveConservationInstituteandVirginia Regionofthe

MadisonCaveIsopodRecoveryPlan,September1996 II



NationalSpeleologicalSociety. All visits to thecavemustbe approvedby amanagement

subcommitteeofthree,andonememberof thesubcommitteemustaccompanyall visitorsto the

caveto ensurethatvisits arelimited to scientific studiesor educationalpurposes.This

management plan has undoubtedly reduced the extent of human impact on A. lira habitat at this

site; however,theplanis insufficientin termsofprotectionoftheaquatichabitat,becausethe

zoneofrechargeofgroundwaterin thecaveisunknownandunprotected.

In 1994,thefederalNonpointSourceProgramfundedaVirginia Departmentof

ConservationandRecreationmulti-yeardemonstrationprojectto delineategroundwaterbasin

boundarieswith thedeepaquiferhabitatofAntrolanalira in FrontRoyalCaverns(T. Brown in

litt. 1996).Thedataresultingfrom this projectshouldhelpin settingprotectionprioritiesfor

thespecies.

RECOVERY STRATEGY

Recoveryof theMadisonCaveisopodwill hingeon extendingandaugmenting

protectioneffortsthathavebeenunderwayfor severalyears. Protectionof knownpopulation

sitescoupledwith searchesfor additionalpopulationsshouldleadto long-termstability for this

isopodacrossits range. Collectionof baselinepopulationandecologicaldatawill helpto focus

protectionprioritiesandverify recoveryneeds.Ofprimary importancewill bedelineationof

rechargezonesfor theMadisonCaveisopod’sdeepkarstaquiferhabitat. Whentheextentof

therechargezonesfor thekey sitesis known,cooperativeprotectionefforts canbeinitiated

more effectively.
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PART II: RECOVERY

RECOVERY OBJECTIVE

Theobjectiveof thisrecoveryplanis to protectpopulationsofAntrolanalira from

potential threatsto thequalityofits deepkarstaquiferhabitat,therebyenablingtheremovalof

this threatenedspeciesfrom theFederallist ofendangeredandthreatenedwildlife andplants.

Delistingmaybeconsideredwhenthefollowing criteriaaremet:

1. PopulationsofAntrolanalira atFrontRoyalCaverns,Linville QuarryCaveNo. 3, and

MadisonSaltpetreCave/Steger’sFissureareshownto bestableoveraten-year

monitoringperiod,basedon amonitoringprotocolthatensuresstandardizedand

comparablepopulationtrenddata.

2. The rechargezoneofthedeepkarstaquiferhabitatateachofthepopulationsites

identifiedin Criterion1 is protectedfrom all significantgroundwatercontamination

sources.This will involve delineatingtherechargezone,identifyingpotentialsourcesof

groundwatercontamination,andestablishinga cooperativeprogramwith privateand

public landownersto maintainorenhancegroundwaterquality. A long-termgroundwater

monitoringprogrambasedon an approvedprotocolmustalsobeestablished,with results

demonstratingmaintenanceofgroundwaterquality over a ten-yearperiod.

3. Sufficientpopulationsitesareprotectedto maintainthegeneticdiversityof the species.

Uponcompletionof RecoveryTasks1 and2, below,additionalsitesto thosein Criterion

A may be identified as warranting permanent protection to meet this criterion. Protection

of newly discovered populations, if any, will be incorporated into this criterion insofar as

they contribute to maintenance of overall genetic diversity.
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RECOVERY TASKS

1.Determinethe number of geneticpopulations.

ThenumberofpopulationsofAntrolana lira can be estimated by examining the genetic

distance among individuals from all seven sites, as well as from any additional sites that

maybe foundthroughTask2. Initial analysisofgeneticdistancecantakeadvantageof

thetechniqueofRAPD (RandomAmplification ofPolymorphicDNA) (Williams et a!.

1990). This techniqueisadvantageousin theabsenceofprior knowledgeofthemolecular

geneticsofanorganism,asis thecasefor A. lira, becausea largesetofpolymorphism

canbeexaminedfrom a small amountofDNA andonlya smallnumberofspecimensper

site, i.e., five, areneeded.

These data will be useful for generating hypotheses on the number of genetic populations

ofA. lira; the hypotheses can then be tested at a finer scale by sequence analyses of

mitochondrial genes. Data from such a study are critical for understanding the

metapopulationstructureofA. lira and, in concertwith dataobtainedfrom RecoveryTask

2, for identifyingpopulationsmostvulnerableto extinctionandfor clarifyingthescopeof

therecoveryeffort.

2. Searchfor additionalpopulations.

The hypothesis of a “stranding” evolutionary origin of A. lira suggeststhatadditional

populations mayexist in karst aquifers as far north in the Shenandoah Valley as Harpers

Ferry,WestVirginia (Holsinger etaL 1994). The70-km wide gapin thedistributionof

A. lira betweenFrontRoyalCavernsandothersitesalsoindicatesthepossibilityof

additionalpopulations. Well samplesfrom this areashouldalsobeafocusofsearch

efforts,togetherwith asystematicsearch(duringperiodsofhighwatertable)ofcaves

with theappropriatedeepkarstaquiferhabitat. In particular,thepresenceorabsenceof

additionalpopulationsnearFrontRoyal Caverns,in conjunctionwith dataobtainedfrom

14 MadisonCaveIsopodRecoveryPlan,September1996



RecoveryTask1,shouldindicatewhetherisopodsat theFrontRoyalCavernssite

constituteauniquepopulationhighly vulnerabletoextinction,or if it is partofan

undiscoveredmetapopulation.

3. Identify potential sourcesand entry points of contamination of thedeepkarst

aquifer habitat.

3.1 Delineatethe rechargezoneofdeepkarst aquifers. Hydrological studiesusing

dye-tracingorothertechniquesto identify thezoneofrechargeofaquifersatA. lira

sitesshouldbeconducted. Theexpenseandenvironmentaleffectsofdrilling wells

specifically for thepurposeofdye injectionmaybeoffsetby coordinatingtracer

testing,waterlevel monitoring,andgroundwatersamplingtrips amongsites,andby

utilizing trainedlocal cavers,students,andvolunteers(T. Brown in /itt. 1996).

Developingthis pool ofexpertisewill requiresomeeffort,butwill increaselocal

involvementandtheconsistencyofmethodologiesusedat thedifferentsites.

Naturalkarstfeaturesshouldserveasbetterdye-injectionpoints thandrilled wells

unlessa specificsitewithout suchfeaturesis ofconcern.Wells canbeusedasdye

receptorsitesandpumppointsto enhanceflow within theaquiferto facilitatedye

transportwithin the aquifer. It shouldbenotedthatsomeareaswithin theaquifer

maynotbe alongexisting flow pathsunlessexistingor futurewells arepumped,

i.e.,dyefrom a particularinputwithin theaquifermight not showup at receptor

sites,but a futurepollutantenteringat that inputpointcouldstill affectpartsofthe

aquiferhabitat(D.A. Hubbardin litt. 1996).

In consideringdelineationtechniques,it shouldalsobekeptin mind thatdye-

tracingis oflimited applicability in characterizingdeepaquiferflow regimeswhere

thenumberofspringresurgencesandsubsurfaceaccesspoints for monitoringare

restricted.A cost-efficientmeansofobtainingthenecessarydatamayinvolve
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matching U.S. Geological Survey funds for applying proven isotope tracing and

dating techniques to assist in characterizing the flow regime and recharge areas of

these deep karst aquifers. GPS(global positioning systems) mapping of sinkholes

and related features, coordinated cave surveys, and nonintrusive geophysical

investigative techniques are recommended tools for the further delineation of

epikarst, vadose, and phreatic habitats (T. Brown in lift. 1996).

If this recovery task cannot be carried out concurrently at all sites by multiple

teams, it should be conducted at Front Royal Caverns, Linville Quarry Cave No. 3,

and the Cave Hill sites before the other sites.

3.2 Monitor theeffectsof land usepatterns on potential and identified recharge

zonesofdeepkarst aquifers. This taskis intendedto identify potential sources of

pollution of the aquifers, including underground storage tanks housing petroleum or

other chemicals, manufacturing plants, concentration of septic fields in small areas,

farm waste storage facilities, intensive poultry operations, among others. This task

should be conducted in conjunction with Task 3.1 to increase efficiency.

4. Protect known populations and habitats,taking a watershedperspective.

Protection of A. lira must be approached from both the population level and the watershed

level. The relatively inaccessible nature of the deep karst aquifer habitat and the rarity of

A. lira specimens has already afforded someprotection of the isopod populations; current

regulations under the Endangered Species Act and the Virginia Cave Protection Act also

help in protecting the isopod populations. The major threats to the habitat of A. lira are

from contaminants entering through the recharge zones, which will be delineated in Task

3. Ultimately, protection of the isopod’s aquifer habitat must be approached from the

level of the entire watershed of the recharge zone of each deep karst aquifer.
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4.1 Enforce existing regulations to protectA lira and its deep aquifer habitat.

Protection of the deep aquifer habitat from possible contamination can be aided by

enforcement of regulations governing discharge from industries, businesses,

housing developments and agricultural concerns, especially those within the zones

of recharge delineated in Task 3. To this end, it is critical to enlist the help of local

government officials, business and community leaders, and landowners, especially

in promotingandformulatinglanduseregulationsthatensurelong-term

maintenanceofwaterquality. Particularattentionshouldbegivento regulations

geared toward (1) avoiding the useofpesticidesin andaroundestablishedhabitats,

(2) restricting/reducingthedischargeofhazardousmaterials(from poultryfarms

andcropland)enteringlakes,streams,rivers,etc.,and(3) minimizing road

constructionwithin thespecies’habitat (A.F. MaciorowskiandC.E.Laird, U.S.

EnvironmentalProtectionAgency,in lift. 1996).

4.2 Encouragecooperationamong landowners and governmentaland

nongovernmentalagenciesin achievinglong-term protection ofA. lira habitat.

Because all A. lira sites are on private land, alandownermayowneitherpart of or

all of the recharge area of a particular deep aquifer. The cooperation of these

landowners, not only of the immediate cave site, but also of other land parcels

delineated within the zone of recharge through Recovery Task 3, is critical to both

the near- and long-term protection of the isopod’s habitat. This task should be

given high priority, as it will ultimately dictate the practicality of recovery.

Protectionof sitescanonly beaccomplishedthroughcooperationwith the

landowner. Indeed, there is commonground between the landowner and the isopod,

that is water quality, inasmuch as many rural landowners depend on groundwater as

a source of drinking water (R. Reynolds in li#. 1996).

4.21 Developa managementprofile for eachsite. This profile should include,

but not be limited to, the following: (a) site name/number, (b) name, address,

and telephone number of essential habitat owners (s), (c) a photograph of the

MadisonCaveIsopodRecoveryPlan,September1996 17



site, (d) all available historic information on population levels, (e) results of

annualsurveyson populationsandwaterquality, (I) amapdelineating

essential habitat, (g) measures taken or planned to protect the sites and

essential habitat, (h) a habitat maintenance/enhancement schedule, (i) a copy

of cooperative agreements with landowners, and (I) a record of any

disturbance at the site. This profile should be maintained by at least the

regulatory agencies involved.

4.22 Establish landowner contacts,conservationagreements,and/or other

meansofprotecting the isopod’s habitat. Landowner contact and, where

necessary, conservation easements, will be needed to accomplish this task.

Memorandaofunderstandinganddirectacquisitionshouldalsobe

considered. The Madison Saltpetre Cave system can serve as a useful model,

where the landowner serves on the cave management subcommittee along

with members of the Cave Conservancy of the Virginias and the Virginia

Cave Board. Development of similar cooperative management programs

should be initiated for all other sites through the combined efforts of the

following agencies: U.S. Fish and Wildlife Service, Virginia Department of

Gameand Inland Fisheries, Virginia Division of Natural Heritage, The

Nature Conservancy, Cave Conservancy of the Virginias, and the Virginia

Region of the National Speleological Society, among others.

Another resource that can be used to help recover this species is the Forest

Stewardship Program. This program, implemented by the Virginia

Department of Forestry, is designed to help landowners manage forested

tracts on their property. Landowners select management priorities and the

program develops a plan. Of interest to the landowner is the cost-share

aspect of this program. This may be a cost-effective approach to

implementing certain management actions for the protection of groundwater

and the isopod.
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4.23 Establisha public outreach and educationprogram whereneeded. One

focus should be on establishing an institutional framework to organize and

orientsurroundinglandownerstowardkarstresourceconservation. Local

grottoes,planners,and environmentaladvocacygroupsshouldbeincludedin

the process.

Efforts by the Virginia Division of Natural Heritage and others to educate

local officials and landowners in the Front Royal Caverns area should

continue. Emphasis should be placed on strengthening local appreciation and

stewardship for karst resources to enhancelong-termhabitatpreservation.

The grassroots groups voluntarily carrying out these public awareness

activities should receive encouragement and support. Funding should be

obtained by the Virginia Department of Conservation and Recreation,

Division of NaturalHeritage,or otherorganizationsto conductkarstresource

recognition,hazardprevention, and protection workshops for developers,real

estateagents,andlandspeculators.Concise,factualinformationalmaterials

(maps, fact sheets, brochures) should be developed to facilitate public

educationon theseissues.

5. Collectbaselineecologicaldata for managementand recovery.

5.1 Characterize thehabitat requirements ofA. lira and monitor habitat

conditions. As discussed in Part I, little is known about thephysicalandchemical

conditions of the deepaquiferhabitatofA. lira, andbaselinedescriptivedataon

this habitat need to be collected and compiled. Long-termmonitoringofbaseline

conditions,usingaprotocolformonitoringgroundwater,will allow forearly

detection of changes in water quality stemming from pollution or other causes.

Monthly datacollectionover athree-yearperiodwill berequiredto establish

baseline mean values and normal seasonal variation in these values. Depending on
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the extent of variation, two to four visits per year thereafter may be sufficient for

long-term monitoring programs.

5.2 Estimate population sizeand monitor population trends. A protocol to ensure

standardized and comparable population trend data should be developed; the

existingmark-recapturedatashouldbesufficientto calculatetheeffortneededto

determinepopulationtrends at Madison Saltpetre Cave and Steger’s Fissure.

Baseline quantitative estimates of population size at all sites, using mark-recapture

or other methods, are needed. Baseline data at each site should include estimates on

at least a twice-per-year basis for two years. Long-term monitoring of population

sizes can be conducted at index sites, such as the Cave Hill sites, Front Royal

Caverns and Linville Quarry Cave No. 3. The frequency of estimatesneededfor

long-term monitoring will depend on the extent of variability in the baseline data.

5.3 Developmethods for and conduct life history and population viability studies.

This task will initially involve testing new methods to collect specimens for

marking. The current method of baiting with shrimp, although successful at most

sites, may result in biased sampling due to differential response to the bait among

sexes and developmental stages (see Abundance and Life History section). The

apparently female and adult-biased populationstructuremustbeverifiedby other

collection methods. The unbiased sampling method should be used to conduct

Recovery Task 5.2, generating data that can then be used to determine population

viability andtrajectory.

Someconsideration should also be given to culturing these isopods in a

laboratory/hatcheryenvironmentfor research,pesticidetesting,educationpurposes,

or other such purposes.
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6. Implement a program to facilitate recovery progress.

An informalrecoverygroupshouldmeetasnecessaryto ensureeffectiveandcooperative

implementationof therecoveryprogram. Primaryresponsibilityfor establishingand

coordinatingthis groupwill lie with theU.S. FishandWildlife Service. Therecovery

group should comprise representatives of the U.S. Fish and Wildlife Service, Virginia

Cave Board, Virginia Department of Gameand Inland Fisheries, Virginia Division of

NaturalHeritage, The Nature Conservancy, Cave Conservancy of the Virginias, and,

possibly, local land use planners and managers and other identified stakeholders. This

group will review the progress of the recovery efforts,determineimminentrecoveryneeds,

and recommend modifications to the recovery plan based on new data.

In addition,participationteamscomprisedlargelyoflocal stakeholdersshouldbe

convened as needed to coordinateimplementationof specificrecoveryactivities. In

particular, the commitment of several key local partners, including the Lord Fairfax

PlanningDistrict Commission,theFriendsoftheShenandoahRiver, Skyline Caverns,

Inc., and especiallytheFrontRoyalGrotto,to theFrontRoyalCavernsprojectextends

well bcyond 1997; thesepartnersshouldberepresentedon theparticipationteamfor this

site. Similar local cooperators should be includedon participationteamsfor all the

species occurrence sites, including a representative of the Local Emergency Planning

Committees in each county.

The participation teams should identify potential long-term sources of funding to conduct

needed work, includingprivatematchingfundscontributedby not -for-profit groups. As

appropriate,participationplansshouldbedevelopedtoensureeffectiveimplementationof

specific recovery actions.
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PART III: IMPLEMENTATION

Thefollowing ImplementationScheduleoutlinesactionsandestimatedcostsfor the

recovery program. It is a guide for meeting the recovery objectivesdiscussedin PartII of this

plan. Thisscheduleindicatestaskpriorities,tasknumbers,taskdescriptions,durationof tasks,

the responsibleagencies,andestimatedcosts.Responsibleagenciesidentifiedas cooperatorsin

the recovery effort, and estimated costs are provided as non-binding guidelines for funding

needs.Theserecoveryactions,whenaccomplished,shouldbring aboutrecoveryofthespecies

andprotectionof its habitat.

Key to RecoveryTask Priorities (column 1 in ImplementationSchedule):

Priority 1- An action that must be taken to preventextinctionor to preventthespeciesfrom
decliningirreversiblyin the foreseeablefuture.

Priority 2- An action that must be taken to prevent a significant decline in species
population/habitatqualityor someothersignificantnegativeimpactshort of
extinction.

Priority 3- All other actions necessary to provide for full recovery of the species.

Key to ResponsibleAgencies (columnsS and6):

USFWS = U.S. Fish and Wildlife Service
R5 ES = RegionFive, EcologicalServicesDivision
USGS = U.S. Geological Survey
EPA = U.S. EnvironmentalProtectionAgency
VDGIF = Virginia Department of Gameand Inland Fisheries
VDNH = Virginia Division of NaturalHeritage
CCV = Cave Conservancy of the Virginias
NSF = NationalScienceFoundation
VCB = Virginia CaveBoard
TNC The Nature Conservancy
VRNSS = TheVirginia Regionof the NationalSpeleologicalSociety
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IMPLEMENTATION SCHEDULE
Madison CaveIsopod RecoveryPlan

S~p~~er1996
ResponsibleAgencies Cost Estimates($000)

Priority TaskDescription Number Duration USFWS Others FYi FY2 FY3 Comments

Determinethenumberofgenetic
populations.

1 2yrs R5ES VDGIF
VDNH
Ccv
NSF

15 20 --

Delineatethe rechargezonesof the
isopod’sdeepkarstaquiferhabitat.

3.1 5 yrs R5 ES USGS
VDGIF
VDNH
Contracts

30 25 25 Additional25/yrx 2 yrs

1Monitortheeffectsof landusepatterns
on potential andidentifiedrecharge
zonesof deepkarstaquifers.

3.2 ongoing R5 ES USGS
EPA
VDGIF
VDNH
Contracts

10 10 10 Additional 10/yr x 7 yrs

2 Searchfor additionalpopulations. 2 ongoing R5 ES VDGIF
VDNH
VCB

5 5 5 Additional5/yr x 2 yrs

2 Enforceexistingregulationsto protect
A. lira andits deepaquiferhabitat.

4.1 ongoing RSES VDGIF
VCB

1 1 1 Additional1/yr x 7 yrs

2 Encouragecooperationamong
landownersandgovernmentalandnon-
governmentalagenciesinworking
towardlong-termprotectionofA. lira
andits habitat.

4.2 ongoing R5ES VDG[F
VDNH
TNC
VCB
CCV
VRNSS

10 15 15 Additional funds asneeded
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Priority TaskDescription

Task

Number Duration

ResponsibleAgencies

USFWS Others

CostEstimates(SOOO)

FYi FY2 FY3 Comments

2 Characterizethehabitatrequirements
ofA. lira andmonitorhabitat
conditions.

5.1 2 yrs RSES VDGIF
VDNH
Contracts

2 2 --

2 Estimatepopulationsizeandmonitor
populationtrends.

5.2 10yrs R5ES VDGIF
VDNH
Contracts

3.5 3.5 3.5 Additional3.5/yrx 7 yrs

2 Developmethodsfor andconductlife
historyandpopulationviability studies.

5.3 10 yrs R5ES VDGIF
VDNH
Contracts

5 3 3 Additional2/yr x 7 yrs

3 Implementaprogramto facilitate
recoveryprogress.

6 ongoing R5 ES TNC
VCB
VDGIF
VDNH
CCV

1.5 1.5 1.5 Additional 1 .5/yrx 7 yrs
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